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Abstract: The aim of this study was to determine the prevalence and predisposing conditions for 
atrial fibrillation (AF) in patients with atrial septal defect (ASD) and to evaluate the influence of age 
at surgical repair. The study population consisted of 35 patients with ASD (mean age 39.5 + 19 
years). All patients had > 1 follow-up visit and a Doppler echocardiographic study. Twenty four of 
the patients underwent surgical closure 1 to 34 years before the study. Analyzed variables were 
entered into univariate (Mann-Whitney U) and multivariate (stepwise logistic regression) models to 
assess independent pre-dictors for AF. The prevalence of AF was similar in surgically treated 
patients (15.6%) and in the non surgical group (13.8%) (p = 0.69). Multivariate analysis showed that 
current age (RR 1.9 per each decade of age, 95% Confidence interval (CI) 1.3 to 2.7, p = 0.001), 
mitral regurgitation (RR 3.0 per each degree of regurgitation, 95% CI 1.6 to 5.8, p = 0.001), left 
atrial enlargement (RR 2.8 per each 10mm increase in size, 95% CI 1.5 to 5.2, p = 0.001) , and 
tricuspid regurgitation (RR 1.9 per each degree of regurgitation, 95% CI 1.0 to 3.7, p = 0.04) were 
independent predictors of AF; however, gender, anatomic type, defect size, Qp: Qs, pulmonary 
artery pressure, right ventricular dimension, left ventricular shortening fraction, and prior surgical 
repair were not related to late AF development. In the surgical group, age > 25 years at the time of 
surgery was the only predictor for AF independent of age at the time of the study (p = 0.02). 
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INTRODUCTION 
 

 Atrial fibrillation (AF) is the main cause of morbidity in patients with atrial septal defect (ASD) Craig et 
al. (1968) and Campbell (1970) data suggesting that early closure of an ASD would avoid late development 
of AF have been previously reported (Murphy et al., 1990) and Meijboom et al., 1993) but AF often appears 
or persists after surgery when repair is performed during adulthood (Brandenburg et al., 2003; Shah et al., 
1994; Pastorek et al., 2004; Gatzoulis et al., 1996; Konstantinides et al., 2005 and Gatzoulis et al., 1999). As 
advanced age is one of the most powerful contributors to the occurrence of AF (Fuberg et al., 2004), Feinberg 
et al., 2005 and Kannel et al., 2010) multivariate analysis in series of patients with and without operative 
closure of ASD is necessary to address whether age at repair and increasing age are independent predictors of 
AF. 
 This study aims to examine the prevalence, age distribution, and predisposing conditions for AF in 
population of patients with ASD either operated on or not; and evaluates the effect of age surgical closure on 
late development of AF. 
 

MATERIALS AND METHODS 
Methods: 
Study population: 
 Data were compiled from the congenital heart diseases unit database Al-Salam hospital, and those 
patients referred from pediatric and cardiovascular and ultrasound research unit (CURU) in Egypt. The study 
population consisted of all patients who were diagnosed with ASD. Patients with congenital mitral valve 
abnormalities associated with ostium secundum or ostium premium defects were included, but patients with 
other congenital cardiac defects such as pulmonary stenosis, ebstein's anomaly of the tricuspid valve, or 
nonrestrictive ventricular septal defect were excluded. Patients with defect size < 15 mm and Qp : Qs < 1.5 
were also excluded. All the included patients had > 1 follow-up visit and a Doppler echo-cardiographic study. 
Clinical, electrocardiographic, and echocardiographic data were reviewed in patients who fulfilled entry 
criteria. 
 Patients were classified according to surgery as follows: a surgical group that had undergone closure of 
the ASD > 1 year before the last clinical and echocardiographic evaluation and a non-surgical group that had 
previously not undergone surgical repair. Age at operation, time since repair and age > 25 or > 40 years at the 
time of repair were analyzed variables in the surgical group. These 2 cutoff points, based on age at repair (25 
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and 40 years old), were defined as previously described in the literature (Murphy et al., 1990; Shah et al., 
1994 and Gatzoulis et al., 1999). 
 
Cardiac rhythm: 
 Cardiac rhythm was established by 12-lead electrocardiogram. Patients were considered to be in AF 
when this atrial arrhythmia was documented at the time of the last follow-up visit. Patients on effective 
antiarrhythmic therapy or who had non-sustained episodes of atrial arrhythmias during holter recording were 
considered to be in sinus rhythm. 
 
Echocardiography: 
 Comprehensive Doppler-echo-cardiographic assessment was performed using a GE vivid 7 ultrasound 
system. All patients underwent > 1 transthoracic study, and almost all of the patients underwent a 
transesophageal examination. Anatomic type was assessed in each case and defect size was determined in all 
cases with a preoperative echocardiographic examination. Measurement of maximum ASD dimension was 
obtained from the transeosphageal approach when available pulmonary to systemic blood flow ratio 
(preoperative Qp: Qs values in those patients with surgical intervention) was calculated by previously 
established methods (Dittmann et al., 1988). Standard M-mode left atrial and right ventricle dimensions and 
left ventricular shortening fraction were measured from the left parasternal view. Mitral and tricuspid 
regurgitation were evaluated by color Doppler according to previously established methods (Miyatake et al., 
1986 and Suzuki et al., 1986) using a semi-quantitative grading of severity in 3 degrees (1 = mild, 2 = 
moderate, 3 = severe). Systolic pulmonary artery pressure was determined by the simplified Bernoulli 
equation when tricuspid regurgitation was present (Berger et al., 2005). 
 
Statistical analysis: 
 statistical analysis was performed using SPSS 9.0 for windows (SPSS Inc., Chicago, Illinois). 
Quantitative data are presented as mean + SD. Prevalence of AF, gender, and defect type are expressed as 
percentages. Comparison of results between surgical and non-surgical groups and between patients with AF 
in both groups and univariate analysis to determine predisposing conditions for AF were assessed by the 
Mann-whitney U test or chi-square test, as appropriate. Analyzed variables were current age at the last 
follow-up visit, gender, anatomic type, defect size, Qp: Qs, systolic pulmonary artery pressure, right 
ventricular and left atrial dimensions, left ventricular shortening fraction, degree of mitral and tricuspid 
regurgitation, and previous surgical closure of the ASD. Univariate predictors with significance level < 0.05 
were entered into a step-wise logistic regression multivariate model to assess independent predictors for AF. 
 To address whether age at operation and current age at the time of the study were independent predictors 
for AF; a secondary analysis was performed in the surgical group patients. Current age at the study, age at 
operation , time since intervention and surgical re-pair before or after the age of 25 years and before or after 
the age of 40 years were also entered into univariate (Mann-Whitney U test) and multivariate (step-wise 
logistic regression) analysis. A p value < 0.05 was considered statistically significant. 

 
RESULTS AND DISCUSSION 

 
 Thirty five patients (12 males and 23 females) fulfilled the inclusion criteria and made up the study 
population. Mean age at time of study was 39.5 + 19 years (range 5 to 86). The type of ASD was ostium 
secundum in 25 cases (71%), ostium primum in 7 (20%) and sinus venous in 3 (9 %). Five (14 %) were in AF 
at the last follow-up visit. 
 The surgical group consisted of 24 patients (mean age 35.8 + 18 years old) with prior surgical repair of 
ASD 1 to 34 years before the study (mean + SD 9.0 + 7.2); the non-surgical group consisted of 11patients 
(mean age 47.0 + 17 years) who had not previously undergone surgical repair. Non-surgical patients were 
older (P<0.001) and had significantly higher systolic pulmonary artery (P < 0.001) and larger right ventricular 
diastolic dimension (P < 0.001). There was no significant difference in any other analyzed variable, such as 
gender, anatomic type, defect size, pre-operative Qp: Qs, left ventricular shortening fraction, left atrial 
dimension, and degree of mitral or tricuspid regurgitation (Table 1). Interestingly, the prevalence of AF was 
quite similar in both the surgical and non-surgical groups (P = 0.69). 
 There were 4 patients with AF in the surgical group (16.6%) and 2 in the non-surgical (18.1%) group. 
Patients with AF who underwent surgery were younger (P = 0.009), had lower systolic pulmonary artery 
pressure (P = 0.01) and smaller right ventricular (P = 0.03) and left atrial dimensions (P = 0.04) than non-
operated patients with AF, but gender, anatomic type defect size, Qp: Qs, left ventricular shortening fraction 
and degree of mitral or tricuspid regurgitation were not significantly different (Table 2). 
 Predisposing conditions for atrial fibrillation: Analyzed variables are listed in (Table 3). Patients with AF 
were significantly older (P < 0.001) and had higher systolic pulmonary artery pressure (P = 0.001), larger 
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right ventricular (P = 0.03) and left atrial (P < 0.001) dimensions and had a greater degree of mitral (P < 
0.001) and tricuspid (P < 0.001) regurgitation com-pared with patients without AF. There no significant 
difference in gender, anatomic type, defect size, Qp : Qs, left ventricular shortening fraction , or prior surgical 
repair between patients with and without AF. 
 Stepwise multivariate logistic regression showed that age at time of study (P = 0.001), left atrial 
dimension (P = 0.001), and grading of severity of mitral (P = 0.001) or tricuspid (p = 0.04) regurgitation were 
the only independent factors associated with AF (Table 3). Fig. (1) shows the progressive increase in 
prevalence of AF from the second to the ninth decade of life and the progressive increase in prevalence of AF 
according to left atrial enlargement. The RR was 1.9 per each decade of age (95% confidence interval (CI) 
1.3 to 2.7) and 2.8 per each 10-mm increase in left atrial dimension (95% CI 1.5 to 5.2). Fig. (2) shows the 
progressive increase in prevalence of AF in relation to the degree of mitral and tricuspid regurgitation. An RR 
of 3.0 per each degree of mitral regurgitation (95% CI 1.6 to 5.8) and an RR of 1.9 per each degree of 
tricuspid regurgitation (95% CI 1.0 to 3.7) were also estimated by logistic regression analysis. 
 
Table 1: Comparison between surgical and nonsurgical groups. 

Variable 
Parameters 

Overall 
(n=35) 

Surgical 
(n=24) 

Nonsurgical 
(n = 11) 

P Value 

Age at the last evaluation (yrs) 30 + 19 26 + 18 37+17 < 0.001 
Female 65 % 65 % 67 % 0.68 
Ostium secundum type 70 % 67 % 75 % 0.15 
Defect size ( mm ) 23 + 8 23 + 8 22 + 7 0.51 
Pulmonary to systemic flow ratio 2.7+ 0.9 2.8+ 0.9 2.7 + 0.8 0.70 
Right ventricle diastolic dimension (mm) 32 + 10 27 + 8 40 + 8 < 0.001 
Systolic pressure of pulmonary artery (mm Hg) 40 + 18 35 + 15 48 + 20 < 0.001 
Left atrial dimension (mm) 43 + 10 43 + 10 45 + 11 0.07 
Left ventricular shortening fraction (%) 35 + 6 35 + 5 35 + 8 0.75 
Mitral regurgitation degree (0-3) 0.9+ 0.9 1.0+0.9 0.8+0.8 0.13 
Tricuspid regurgitation degree (0-3) 1.3 +0.8 1.2 +0.8 1.3 + 0.7 0.06 
AF 15 % 15.6 % 13.8 % 0.69 

 
Table 2: Comparison Between Patient with Atrial Fibrillation in Surgical and Nonsurgical Groups. 

Variable 
Parameters 
Surgical 
(n = 30) 

Nonsurgical 
(n = 13) 

P Value 

Age at the last evaluation (yrs) 56 + 16 70 + 10 0.009 
Female 70 % 62 % 0.67 
Ostium secundum type 73 % 85 % 0.52 
Defect size ( mm ) 26 + 9 24 + 11 0.44 
Pulmonary to systemic flow ratio 3.0 +1.1 3.0 + 0.8 0.89 
Right ventricle diastolic dimension (mm) 33 + 9 41 + 10 0.03 
Systolic pressure of pulmonary artery (mm Hg) 41 + 12 57 + 20 0.01 
Left atrial dimension (mm) 55 + 11 62 + 8 0.04 
Left ventricular shortening fraction (%) 34 + 6 32 + 12 0.56 
Mitral regurgitation degree (0-3) 1.7 +0.9 1.5 + 1.0 0.65 
Tricuspid regurgitation degree (0-3) 2.1 +0.9 2.1 + 0.8 0.90 

 
Table 3: Univariate and multivariate analyses of predisposing conditions for atrial fibrillation (af) in 35 patients with or without 
             operative closure of atrial septal defect. 

Variable 
Parameters 

AF 
(n=5[15%]) 

Sinus Rhythm 
(n=30[85%]) 

P Value 
Univariate 

P value 
Multivariate 

Age at the last evaluation (yrs) 60 + 16 36 + 17 < 0.001 0.001 
Female 67 % 65 % 0.76 - 
Ostium secundum type 77 % 69 % 0.27 - 
Defect size ( mm ) 25 + 11 22 + 7 0.34 - 
Pulmonary to systemic flow ratio 2.9 + 0.9 2.7 + 0.8 0.15 - 
Right ventricle diastolic dimension (mm) 36 + 10 31 + 10 0.03 0.06 
Systolic pressure of pulmonary artery (mm Hg) 46 + 17 38 + 18 < 0.001 0.68 
Left atrial dimension (mm) 57 + 10 41 + 8 < 0.001 0.001 
Left ventricular shortening fraction (%) 33 + 8 35 + 6 0.0 - 
Mitral regurgitation degree (0-3) 1.6 + 0.9 0.8 + 0.8 < 0.001 0.001 
Tricuspid regurgitation degree (0-3) 2.1 + 0.8 1.1 + 0.6 < 0.001 0.04 
Previous surgical repair 70 % 67 % 0.69 - 
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Fig. 1: Prevalence of AF in ASD related to age and to left atrial size. 
 

 
 
Fig. 2: Prevalence of AF in patients with ASD related to degree of mitral  and tricuspid regurgitation. 
 
Age at surgery: 
 Four of the 24 patients in the surgical group had AF at the last postoperative evaluation (Table 4). Age at 
surgical repair was 47.7 + 19 years in patients with AF and 22.9 + 18 years in patients in sinus rhythm (P < 
0.001), but logistic regression analysis showed that this difference was not independent of the age at time of 
the study (P = 0.62). No significant difference was found in the time since surgical intervention (P = 0.46). 
Prevalence of AF was 40% in 6 patients who underwent surgery after the age of 40 years and 27% in 11 
patients who underwent surgery after the age of 25 years (P < 0.001 in both cut-off points); however, 
stepwise logistic regression analysis showed that age > 25 years old at the time of surgical closure of ASD 
was the only predictor that was independent of age at the time of the study (P = 0.02). 
 
Table 4: Result of univariate and multivariate analyses in 24 patients with previous surgical closure of atrial septal defect.  

Variable 
Parameters 

AF 
(n = 4) 

Sinus Rhythm 
(n = 20) 

P Value Univariate 
P value  

Multivariate 
Age at the last evaluation (yrs) 56 + 17 32 + 16 < 0.001 < 0.001 
Age at surgical repair (yrs) 28 + 19 23 + 18 < 0.001 0.62 
Time since surgery (yrs) 10 + 8 9 + 7 0.61 - 
Repaired after 40 yrs old 70 % 21 % < 0.001 0.90 
Repaired after 25 yrs old 80 % 41 % < 0.001 0.02 
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Discussion: 
 This study analyzed the prevalence and predisposing conditions for AF in patients with ASD, either 
surgically repaired or not. The prevalence of AF was quite similar in surgical and non-surgical patients and 
was related to advanced age, left atrial enlargement and grade of severity of mitral and tricuspid regurgitation. 
Gender, an-atomic type, defect size, Qp : Qs, pulmonary artery pressure, right ventricular dimension, left 
ventricular systolic function, or previous surgical repair were not significantly related to late AF. Age > 25 
years at the time of surgical closure of ASD was the only predictor for AF in surgically treated patients 
independent of age at the time of the study. 
 
Age and Atrial Fibrillation: 
 Data from this study reveal that advanced age is the most important condition related to AF patients with 
ASD. This relation is not surprising, because a progressive increase in the incidence of AF among older 
patients has been established by studies in the general population (Fuberg et al., 2004, Feinberg et al., 2005 
and Kannel et al., 2010). Data from Framingham study indicate that its prevalence doubles with each 
advancing decade of age, from 0.5% at ages 50 to 59 years to almost 9% at ages 80 to 89 years. Our series 
also shows a significant increase in the prevalence of AF with each advancing decade of age in patients with 
ASD, but the development of this arrhythmia was much earlier. The rate of AF was < 2% in patients < 30 
years, 15% in patients in their 50s, and > 60 % in patients in their 70s. 
 
Left atrial Enlargement: 
 Relation between left atrial size and prevalence of AF should be expected (Henry et al., 1976). Atrial 
stretch prolongs atrial refractoriness in a heterogeneous manner, making the atria more vulnerable to the 
induction of AF (Satoh et al., 2010) Left atrial enlargement might be the result of a substantial inter-atrial 
shunt, but diastolic properties of left and right ventricles and significant mitral regurgitation may also be 
involved (Popio et al., 2010).  Targeting to prevent or reduce the appearance of late postoperative AF, by 
using the concomitant Cox/maze procedure should be considered in high-risk patients (Bonchek et al., 2003). 
The persistence of atrial arrhythmia and ineffective atrial contractions are also causes of progressive atrial 
enlargement (Sanfilippo et al., 2010). Because most of our patients had documented AF for several months or 
years, chronic AF could have been the result but also the cause of left atrial enlargement. 
 
Atrioventricular Valve Regurgitation: 
 Prevalence of AF in ASD was strongly related to the degree of mitral and tricuspid regurgitation. Mitral 
regurgitation is the most frequently found cardiac lesion associated with the ostium primum type of ASD 
(Eblels et al., 1990), but it is also relatively frequent in the ostium secundum and sinus venous types (Nagata 
et al., 2003, Boucher et al., 2009). Mitral valve insufficiency in ASD increases with age in relation to changes 
in left ventricular geom. etry, chordal shortening, fibrosis and myxomatous degeneration. Tricuspid 
regurgitation has not been related so much to ASD as has mitral regurgitation (Chandraratna et al., 2008 and 
Shigenobu et al., 2008) but our data suggest that right atrioventricular valve insufficiency is common in 
patients with ASD. Almost 1/3 of the included patients had moderate or severe tricuspid regurgitation. This 
could be attributed to abnormal leaflet structure or myxomatous degeneration, but it is most commonly due to 
annular dilation or hemodynamic disturbance of the right ventricle (Liberthson et al., 2001). Concomitant 
procedures aiming to repair mitral or tricuspid valve insufficiency might be required at the time of surgical 
closure of ASD to reduce the incidence of late postoperative AF. 
 
Timing For Surgical Closure: 
 Data from this study show that patients with AF were significantly older at surgical repair, but 
multivariate analysis showed that age at repair was not independently related to late postoperative cardiac 
rhythm. The results achieved by surgical repair of ASD are generally excellent when it is performed during 
the first 2 decades of life (Murphy et al., 1990, Meijboom et al., 1993). Although symptomatic improvement 
following closure of ASD in patients has been demonstrated and surgical management is advised in these 
severely symptomatic patients, the magnitude of improvement is uncertain (Reybrouck et al., 2001) and 
surgical indication in asymptomatic patients remains unclear (Shah et al., 1994, Pastorek et al., 2004, 
Gatzoulis et al., 1996, Konstantinides et al., 2005 and Gatzoulis et al., 1999). The new onset or the 
persistence of atrial arrhymias after surgery in adult-hood is a matter of concern (Gatzoulis et al., 1999). Shah 
et al. (1994) and Kon-stantinides et al. (2005) reported that AF may persist despite surgery when it is 
performed after childhood and data from Berger et al. (2009) seem to confirm the ineffective-ness of surgery 
to prevent the development of AF. Gatzoulis et al. (1999) have reported that postoperative atrial arrhythmias 
are related to age > 40 years at the time of surgical intervention, but they did not address the question of 
whether age at surgery and advanced age are independent predictors for AF. In our study, the prevalence of 
AF was 40% in 6 patients who underwent surgery at > 40 years old compared with 6.5% in 18 patients who 
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underwent surgery at < 40 years, but multivariate analysis showed that this difference was not independent of 
age at the time of the study. Only age > 25 years at surgical repair was a predictor for AF independent of age 
at the time of the study. Therefore, it seems that the timely closure of ASD before adulthood should be 
encouraged for reducing the incidence of postoperative AF. 
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